Neurotoxicological effects of a primary and ozonated treated wastewater on freshwater mussels exposed to an experimental flow-through system.
The neurotoxic potential of a primary-treated and ozonated municipal effluent was examined using feral freshwater Elliptio complanata mussels. Specimens were exposed to increasing concentrations (0, 1, 3, 10 and 20% v/v) of a primary-treated effluent before and after treatment with 10 mg/L of ozone in a mesocosm-type experiment for 30 days. A suite of biomarkers was used to assess the potential neurotoxic stress of the wastewaters on these benthic invertebrates: opiate binding sites, gamma-aminobutyric acid (GABA) metabolism, monoamines levels (serotonin, dopamine), monoamine oxidase, acetylcholinesterase and lipid peroxidation. Gametogenic activity was also determined by the gonado-somatic index and by vitellogenin-like proteins. The results show that the number of opiate binding sites increased slightly, especially after ozonation. GABA metabolism was generally reduced, suggesting higher glutamate stimulation than GABA dampening effects in mussel ganglia. This excitatory state was further confirmed by decreased acetylcholinesterase activity in gonadal tissues. The turnover of dopamine was enhanced with increased serotonin levels, but accompanied by reduced catabolism, as evidenced by decreased monoamine oxidase activity. Moreover, oxidative stress was increased, as determined by lipid peroxidation in the gonad (containing ganglia), which was significantly correlated with acetylcholinesterase activity and dopamine metabolism. The gonado-somatic index was significantly reduced with increased levels of vitellogenin-like proteins, again confirming the estrogenic action of these wastewaters. The data suggest that exposure to a primary-treated municipal effluent before and after ozonation leads to an excitotoxic syndrome implicating perturbations in GABA, dopamine and acetylcholine signaling. The increase in dopamine metabolism may be associated with the occurrence of opiate-like compounds (i.e. morphine) in the effluent. In general, ozonation reduced the severity of the responses, indicating that this disinfection strategy does not increase neurotoxicity to mussels.